in enzymatic content of the cells. Throughout the course of this study, grading of the amount of growth by visual estimation has been a routine observation.
Once a certain minimum amount of mycelium was present there did not seem to be an apparent correlation between the amount of growth and the yield of the desired steroids. In the experiments where dextrin replaced sucrose as the carbohydrate of the medium, it was difficult to make visual comparisons of growth in this modified medium with that in the standard Czapek-Dox solution because of the altered form of the mycelium. Moist weight determinations were likewise impracticable because of the presence of excess, insoluble dextrin in the solutions. When fatty acid esters, such as the monoglycerides, were used, similar problems in moist weight determinations were encountered. It is of interest to note in table 5, however, that the only easily apparent differences in the amounts of cells produced occurred when monoglycerides of either soybean oil or castor oil were present in the medium. Soybean oil monoglycerides were without effect in stimulating steroid oxidation and castor oil monoglycerides were, in contrast, the most effective.
Thus, despite close chemical similarities of either complex carbohydrates or fatty acid esters, important differences exist in their effect on the microbiological reaction, regardless of the precise mechanism involved. SUMMARY Czapek-Dox solution was modified by substitution of dextrin for sucrose and by the addition of certain fatty acid ester compounds so as to give larger and more consistent yields of hydrocortisone following Received for publication July 26, 1954 The bacterium Zoogloea ramigera has been reported to be the most prominent species of bacteria found in activated sludge and trickling filter slime. Butterfield (1935) , Heukelekian and Littman (1939) , Butterfield and Wattie (1941) , and Wattie (1943) Company, 1950) attest to the versatility of the method as an analytical tool. In the field of waste treatment, polarography has been employed to measure dissolved oxygen (Moore, Morris, and Okun, 1948) (Rand and Heukelekian, 1951) . Very limited use of the method, however, has been made in respiration studies. The determination of respiration rates of algal, yeast, red blood cells, and animal tissue suspensions by Petering and Daniels (1938) , of ciliate protozoans by Baker and Baumberger (1941) , and of activated sludge by Hoover and Porges (1952) , constitute the major portion of such work. The application of the method to respiration studies would, of course, be limited if the mercury involved were found to be toxic to micro-ORGANIC NITROGEN PREFERENCES OF ZOOGLOEA RAMIGERA organisms. Petering and Daniels (1938) , however, could observe no toxic effect of mercury on Chlorella sp. after 17 days contact. The same investigators also reported yeast to be unaffected by mercury. Investigations by Baker and Baumberger (1941) showed that there was no toxic effect of mercury on protozoa (as judged by motility, mortality, and oxygen respiration) within the period of an hour or longer. Preliminary studies by the author showed no inhibiting effect when Z. ramigera was permitted to respire for one hour on glucose. It was therefore concluded that the method was suited to the investigation proposed.
The fundamental principles of polarography and a description of the basic apparatus are discussed elsewhere (Muller, 1941) (Kolthoff and Lingane, 1952) .
A Model XII high-speed photographic recording polarograph1 was used in the investigation. Suspensions of respiring bacteria were contained in 15 ml electrolysis vessels of the Heyrovsky Erlenmeyer type. Since the electrolysis vessels were not subject to any agitation it was assumed that the diffusion rate of oxygen from the atmosphere through the small diameter side arm tubing would be so low as to be negligible. Data obtained by Adeney and Becker (1921) supported this assumption. A multiple unit dropping mercury electrode assembly capable of holding 5 electrolysis vessels was devised to allow simultaneous studies on as many suspensions. This assembly was lowered into a constant temperature water bath.
Each electrode was calibrated by plotting the diffusion currents at an electromotive force (emf) of minus 1.6 volt against the concentrations of dissolved oxygen in calibration solutions. Calibration solutions of different dissolved oxygen concentrations were prepared by bubbling tank nitrogen through quantities of buffer solution large enough to permit both polarographic and chemical determination. Since glucose has a reduction potential in the vicinity of that for oxygen and was used in relatively greater concentration (1000 ppm) than the nitrogenous substrates, separate calibration curves were established for glucose. A mercury head of about 440 mm was maintained to produce a mercury drop of one drop every four to five seconds. All mercury used in the investigation was reclaimed by washing in 10 per cent nitric acid and filtration.
Preparation of Z. ramigera. The bacterium was obtained from biological slime scraped from stone at a six-inch depth of the trickling filter unit of the Virginia Polytechnic Institute sewage treatment plant. A method described by Butterfield and Wattie (1941) was employed to isolate the species. A comparison of morphological and biochemical characteristics with those ascribed to Z. ramigera in Bergey's Manual (Breed, Murray, and Hitchens, 1948) indicated that the isolated organism was a variety of that species.
In light of the paucity of information as to an optimum standard cultivation and storage media for Z. ramigera, it was thought advisable to consider using a medium that approached in character the type of substrate it would have in its natural environment. Consequently, a synthetic sewage devised by Butterfield, Ruchhoft, and McNamee (1937) , fortified with a 1 per cent content of yeast extract to supply necessary growth factors that might be missing without it, was selected as the cultivation and storage media for the investigation.
The buffer solution employed was an aqueous mixture of 0.024 M NaOH and 0.050 M KH2PO4 having a pH of 6.8. This buffer, prepared according to buffer tables established by Clark (1928) , was used both as a suspending medium in cell suspensions and as a solvent in substrate solutions.
Substrates on which respiration rates were determined included gelatin (Difco),2 sodium caseinate (Difco), globulin from castor beans (Pfanstiehl),3 zein from corn (Pfanstiehl), legumin, gluten (Pfanstiehl), protone (Difco), proteose peptone (Difco), peptone (Difco), glycine, leucine (Pfanstiehl), 1-asparagine (Pfanstiehl), urea (Baker'sC.P.),4allantoin (Pfanstiehl), and alloxan monohydrate (Pfanstiehl). These substrates were selected so as to furnish a cross-section of nitrogenous compounds ranging from plant and animal proteins through their degradation products to amino acids and related nitrogen compounds. The respiration rate on glucose was determined for the purpose of comparison with the nitrogenous substrates.
The nitrogenous substrates were dissolved or suspended in buffer solution in amounts to produce final concentration of 50 ppm nitrogen. The by centrifugation with an International centrifuge5 for 20 minutes at 4000 rpm, resuspended in buffer solution and centrifuged for 10 minutes at the same rpm. Three such washings were found necessary to reduce the variability in the endogenous respiration rates. Because the respiratory activity of the bacteria was erratic after being refrigerated for an hour or more, fresh suspensions were employed for each polarographic run. Cell suspensions were adjusted to the required concentrations (ranging from 30 to 120 ppm) with the aid of a Fisher Electrophotometer6 calibrated by use of standard suspensions to give the dry weights of the bacteria as determined by a method suggested by Friedman and Henry (1938) . Cell suspension and substrate were combined in desired concentrations immediately prior to making the polarographic determination.
Procedure. The respiration rates of Z. ramigera on the substrates were determined by measuring the dissolved oxygen concentration of the buffer-substratebacterial suspension mixture at 15 min intervals following temperature equilibrium. Since the water bath temperature of 25 C varied little from room temperature, temperature equilibrium was reached within five minutes. The electrolysis vessels were not subjected to any agitation.
RESULTS
Oxygen uptakes for the initial 15 Figure 1 shows the results obtained. The effect of the ammonium ion is quite evident. Although the initial rate is sustained for 15 to 30 min., it decreases rapidly after this period.
In a biological population normally present in trickling filter slime or activated sludge a symbiotic relationship exists between the many bacterial species 6 International Equipment Company, Boston, Massachusetts. 6 Fisher Scientific Company, Pittsburg, Pennsylvania. that prevents the accumulation of any substance that measurably inhibits the growth of the major species. It was felt, therefore, that the initial 15 min respiration rates are more indicative of the role played by Z. ramigera in the nitrogen cycle than are the 60 min rates. Figure 2 presents Rettger, Berman, and Sturges (1916) , and Berman and Rettger (1918) were not able to demonstrate such ability, Robinson and Tartar (1917) , and Waksman and Starkey (1932) have shown that pure cultures of certain aerobic bacteria can decompose purified animal and plant proteins. The present investigation, in addition to supporting the latter conclusion, also substantiates another conclusion of Waksman and Starkey (1932) . As brought out in figure 2, Figure 2 testifies to the high rate of respiration exhibited by the organism on the commercial preparations, Protone, Proteose Peptone, and Peptone. In general, the respiration rates exhibited in the presence of this group exceeded by far those observed in the presence of the other substrates. Respiration rates on the amino acids investigated were of the order of those observed on proteins. It may be noted from figure 2 that there was a very slight variation in the initial 15 min rates exhibited by the various cell concentrations on the amino acids.
Since urea decomposition is almost always hydrolytic, the aerobic respiration of Z. ramigera on urea would indicate an oxidation of liberated ammonia. Apparently such oxidation does not occur since no significant difference on the 90 per cent probability level was noted between the endogenous rate and the rate observed on urea. This was true of both the initial 15 min and 60 min rates.
Low respiration rates were observed on both allantoin, an oxidation product of uric acid excreted by lower animals, and alloxan, a cyclic nitrogenous compound that is an integral part of riboflavin.
The utilization of glucose by Z. ramigera is debatable. Butterfield (1935) was unable to demonstrate such utilization. Heukelekian and Littman (1939) however, reported the complete removal of 1500 ppm glucose in 5 hr by an aerated suspension of the organism. Although, in the present investigation, no significant difference was observed between the endogenous rate and glucose rate during the initial 15 min, a significant difference did exist for the initial 60 min period. This plus the fact that the respiration on glucose was considerably more stable than the endogenous respiration and those on the other substrates would indicate an aerobic utilization of glucose, albeit a slow one.
The fact that ammonium ions decreased the respiration rate of Z. ramigera suggests the possibility that the reduction in rates exhibited on the nitrogenous substrates were due, in part at least, to the ammonia resulting from deamination. In order to account for the inhibitory effect displayed, however, a large portion of the deamination would have to be attributed to a mechanism or mechanisms nonoxidative in character.
Oxidative deamination, at the most, would have produced an ammonia concentration of only 6 to 7 ppm. Under conditions similar to those under which the present investigation was carried out, Zoogloea ramigera exhibits a marked preference for proteoses and peptones over both purified proteins and individual amino acids.
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